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ABSTRACT 

Developing countries should take immediate steps to 
avoid 3ome of the serious problems that are now facing the United 
States in regard to the pool of trained computer professionals. 
Problem areas which should be reconciled involve a diverse range of 
topics from general national policy to salary structures and 
conversions efforts. By using the hypothesis that the relative 
magnitude of most computing problems facing a country is a function 
of the 4egree of computerization (as meastired by the number of 
computers per billion dollars of gross national product) the various 
stages of computer development can be detected. The evolution of 
con^uterization problems, particularly as they pertain to personnel, 
in. advanced countries can be analyzed and suggestions can be made on 
the policies that developing countries should attempt or avoid. For 
example, policies concentrating on developing narrowly oriented 
conqputer specialists are likely to satisfy near*term needs, but will 
tend to backfire later as computer applications become a more 
pervasive part of national society. (MC) 
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INTRODUCTION 

Right now the USA has some serious problems with respect 
to its trained computer professionals in government and busi- 
ness (G&B) . For example, we have: 

1. Government agencies with over 1,000 second-generation 
computer professionals unable to cope with large third-genera- 
tion cc»nputer needs; 

2. Business installations serviced by computing special- 
ists with relative unconcern for adverse social impact of 
tlieir products; 

3. Major inefficiencies in G&B due to the relative un- 
concern of many ccanputing specialists with economic factors; 

4. Weak foundations for deciding on computing policies 
in G&B due to the relative unconcern of many computing special- 
ists with data collection and analysis on their activities. 

Developing nations could easily pursue training policies 
leading to similar national problems with their computing 
manpower resources by the late 1970s— but not necessarily. 
This paper attempts to provide a context for evaluating such 
training policies and to suggest some improvements. 

A PRIMARY DETERMINANT: NATIONAL DEGREE OF COMPUTERIZATION 

The context provided is based on the hypothesis — sup- 
ported by personal observations in over a dozen less-devel- 
oped countries (LDCs) and several European countries, and 
discussions with representatives or observers of other 

This talk will be presented at the Rio Synposiun on 
Computer Education for Developing Countries in Rio de Janeiro, 
Brazil, August 6-12, 1972. 
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countries— that the relative magnitude of most computing 
problems facing a country are functions primarily of the 
country's degree of computerization. Under this hypothesis, 
other factors such as the overall state of the art in comput- 
ing, the competitiveness of the computer industry in the 
country, or the type of national economy, are less important 
determinants of national computing concerns than the overall 
pervasiveness of computers in the country's daily life. 

One measure of this latter attribute is the number of 
computers in a country per billion dollars of gross national 
product (GNP). Thus, if the relative magnitude of national 
computing problems were really independent of time (or com- 
puting state-of-the-art) , one could chart the trends experi- 
enced during the various stages of computerization in advanced 
nations, and draw conclusions about the type of problems likely 
to be of future. importance in LDCs as they become more computer- 
ized. From these one could then infer national recommendations 
for training and other policies to reduce the adverse social 
and economic impact of likely future problems. 

This is what Figure 1 tries to do. It shows, as a 
function of the number of computers per billion dollars of 
GNP in a country, what the relative importance of computer 
problems has been and is likely to be. -Relative National 
Concern" is a necessarily subjective estimate of the magni- 
tude of the social and economic costs to the nation caused 

by shortfall, i in the given areas.* More detailed breakdowns 
* 

For example, Colombia in 1969 had about 16 computers 
per billion dollars of GNP. Its main problem was still a 
shortage of trained manpower, followed by problems of frac- 
tionalization and duplication of effort. Other problems were 
only moderately significant, with hardware no longer being a 
problem (being used about 30 percent of the time, on the aver- 
age) and retraining not yet considered a problem, but about 
to become one. 
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of these problems are given in Table 1 and its explanatory 
notes, but first let us consider some additional qualifica- 
tions to Figure 1. 



S OME QUALIFICATIONS 

Besides the' points raised above, the hypothesis embodied 
in Figure 1 needs some further qualifications: 

1. A country is often too gross an abstraction. For 
example, in Brazil, Rio and Sao Paulo have cOTiputerized as 
much as most parts of the US, while other large parts of 
the country are just getting" started. Clearly, technology 
transfer takes place within countries as well as between 
countries • 

2. Some problems are more sensitive to computer state- 
of-the-art (or calendar time) than others. For example, 
conversion proDlems will probably diminish primarily with time 
as metacompilers and microprogramining and emulation capabili- 
ties are developed. 

3. Clearly, the type of society determines the level 
of concern with information privacy more than the degree of 
compu teri zation . 

4. A^ country's speed of computerization is clearly going 
to affect the ^evel of concern with retraining problems. 

Still, the general trends of Figure 1 appear to hold for 
the majority of cases considered. 

DETAILED CONSIDERATIONS 

Table 1 provides an additional level of detail on the 
major types of social and economic costs associated with 
national ccxnputer problems, and some measures for improving 
the situation. Further details on some of the entries are 
given below; most of the rest are fairly self-explanatory. 
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1. Missed opportunities in planning and policy analysis * 
Lack of computing capability or trained manpower to use it 
means that much useful data on national problems such as health, 
housing, agriculture, cmd transportation is not thoroughly 
analyzed, often leading to inappropriate national policy deci- 
sions in those areas. 

2. Adverse effect on applications area . A shortage of 
computer-aware personnel in decisionmaking positxons can lead 
to: 

1 a. Establishment of unrealistic software schedules; 

b. "Gold-plating" of systems by vendors, if only to 
protect themselves against ill-defined requirements; 

c. Major design retrofits. Some US software systems 
have had to be 95 percent rewritten to meet operational needs. 

3. Support university teaching and research programs . 
Herft -is an pvamnlft of thp nppd to considpr thp long-tprm im- 
plications of near-term policies in training computer profes- 
sionals for G&B. For example, at an early stage of national 
computerization, the major concern is simply for trained man- 
power, and there are large pressures to meet the needs by 
quickly training narrow specialists to fill the breach. 
However, such policies do not meet the needs of later stages 
in national computerization, as they de-emphasize education 
in the humanities and social sciences, in economics, in the 
scientific approach to computing phenomena, and in learning 
how to adapt to changing technology. Another consideration 

is the ordering of research priorities to meet national needs* 
For example, if there is a shortage of computing instructors, 
an attractive strategy is to emphasize research in computer- 
aided instruction, using computing as the subject matter. A 
further consideration is given in Bruce Gilchrist's paper in 
this Symposium on the need to collect and analyze supply and 
demand statistics, so that one will not produce an oversupply 
of trained manpower [2]. 
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Establish realistic salary structures . Many organiza- 
tions lose their most valuable trained computing personnel 
because of an inability to recognize that their market value 
and replacement value is considerably greater yian most 
other personnel in the organization with an equivalent level 
of training (e.g. civil engineers, chemical engineers) and 
a more direct contribution to the organization's product. 
Personnel turnover rates of 40 percent per year are not 
uncommon. 

5. Establish continuing education programs and incentives . 
These should include series of evening University extension 
classes (which use G&B professionals as well as University 
people as lecturers) , adequate G&B travel budgets for attend- 
ance at professional meetings; and a system of incentives, 

such as certificates, for pursuing continuing education. 
Further, develoni 

the more advanced nations in the area of adapting to rapidly 
changing technology, by instituting and nationally supporting 
paid sabbatical periods for G&B professionals in need of 
upgrading their skills. 

6. Establish regional and national computer centers . 
This can be done by business as well as government, as witness 
the CICSA cooperative in Cali, Colombia, which provides com- 
puting services, keypunch and tab services, system analysis 
services, and training to about 30 local companies. 

7. Fractionalization"; Venezuela . In 1967, Venezuela 
had about 12 computers per billion dollars of GNP, and 
exhibited the following fairly typical pattern of fractionali- 
zation. The computing centers in the various government 
agencies had sprung up in response to internal agency demands 
for data processing, with very little centralized coordination. 
Some were called "computer centers", some "electronic centers", 
some "data processing centers", some still "mechanical tabula- 
tior division". Their places in the organizational structure 



Boehm Page 9 

were equally diverse; sometimes they reported to the general 
director of the agency, sometimes to assistants for finance, 
plans, or administration. Eight of the thirteen Executive 
Ministries (Agriculture, Communications, Education, etc.) had 
computers, as did fourteen other government agencies (Social 
Security, national banks, etc.). Most of these were IBM 1401s, 
with IBM 360/30S on order or under consideration. The govern- 
ment computer rental budget was about $300,000 a month and was 
growing about 27 percent per year. But, although this was , 
about 40 percent of the total computer rental budget for 
Venezuela of about $750,000 a month, the lack of coordination 
between agencies gave the government very little leverage in 
dealing with suppliers, influencing training and education 
policies, or promoting interagency information processing. 
However, the Council of Ministers had taken a first step 
toward ronrrlinaf-ion by the ^onn^»tion of the Consulting 
Committee on Computation. This CcHranittee made significant 
improvements in the selection, acquisition, installation, 
and management of data processing equipment, and on the 
selection and training of personnel. 

8. Missed opportunities for information services . Often, 
a lack of standards on data formats makes it impossible (in 
the US as well as elsewhere) to use potentially valuable data 
collected by one agency (say, health) to meet the needs of 
another (say, environmental protection). Or even local units 
of length, like the vara in Latin America, vary sufficiently 
from place to place to make good statistical analysis of land 
use very difficult. 

9. - Conversion: Wasted personnel and hardware resources ; 
slipped schedules . For example, one large current conversion 
effort in the US will require 200 full-time programmers for 
three years. 
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10. Design legal t c, on-documentation into com - 
puter systems . Relatively little effort currently goes into 
providing the equivalent of audit trails for complex computer 
systems. In some cities in the US, computerization caused a 
niajor loss of control over municipal records and transactions, 
with no way of reconstructing the situation. In general, the 
area of legal and regulatory problems associated with computer 
systems appears to be growing most rapidly into an area of 
major national concern, particularly with the likely emergence 
in the near future of information utilities providing a wide 
variety of computer services into the home [5]. As noted in 
Table 1, this implies a major future requirement to educate 
legal personnel and legislators computing issues and to 
provide some relevant legal training for many computer people. 
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